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, R 3 trumentsnanasns of
Submanne Detectibn and Classification Systems
[Lmlamﬁed Title]
A. ]. Hiuer

Techniques Branch
Sound Division

Lhe t1ansn ol a submerged wubmanne subjects the ocean envirnament to many subtle changes.
Duning the past several vedrs speciaiized in situ eveanographic instrumentation has been dewugned
to sense thew phyvaual, chemcal. and bivlogical modifications of the oceun. The concept of nter-
disuplinan research, amed toward obtaimng a broad spectrum of knowledge piror to hardware
development, i considered the key to future svstema tealiy. Laburatory research results show the
muny (acets of the problem and the general usefulnen of the acean as 4 ready-made complen cauly
ckanged by a tranuting submanne. The submanne-gencrated energy transfers, acoustic and hy-
dradviame, are detectable by uniple opaical instruments. The results of severzl Rekd operatuing have
demonurated the performance of wirbedimetric and cslonmetrne sensies used for wake senung of 4
wheerged submarine dunng recent fiekd operavons 1n the Flonda Strans. Emphasis on whmanne
detertion and clsteaton svstems suggests usclul compartsons (o conventunal soustic ugnal pr-
tesung, where the aecanenvironment noise for a given parameter, wich as turbidity, 1» treaied 10
termy of handwidth. wapling tme. resslution, detecin, fabse-aslarm penbabedity, and ugnal-us-niuse

raim

INTRODUCTION

Military o eanography is usuatly thought of
as o supplomental science wpparting the ASW
toles of detectiom. locahization, classifcation, and
attu k. Oceanographe data are principaily used
to predut performance of acounic sydems and
evabdish tacncal doctrine. 1t s theretore dogical
to study carefully the operaung environment,
uwhen the wuem tsed o sensitive to the enviroa-
ment. It aiso i logual 10 view the environment
a bemg sensitne o the submarine, the object
of afl ASW.

1 e viewpennt i not new, and early researcherns
devised  svaema based on phyacal changes o
ine environracal  indwed by the sulimarine.
Hiese were MAD (nuagnetn anomaly detedtum),
UL funderwater cledre potennal), and nwwre
tecently, mass tramspont. The lanter system as-
sumed o tramport of warm water 1o the wrface,
whore w remote mbeared s ol be nsed
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for detection. Systems were successfully built
and thermal wakes were detected, but the results
obained did not bear out the assumptions. Today,
alter more than two decades, we are still learning
how the ocean environment is mexdified by the
submarine, and intensive tescacch is continuing
to explain the thermal wakes which are hewng
obaerved. 1t is fortunate that this sienibic chal
lenge resulted, for a conndinated interdisciphnary
rescarch effort is now reading: the true complexity
of the ocean and yiclding basic knowledge on
whrch new ASW systems can be husedd and the
performamce of old ones betier explaned we

Bibligraphy).

DETECTION CONSIBERATIONS

Oceanoygraphic instruments, as 2 hasis for sub-
manite detection and cassifwanon, are dependem
on a redivrthatn of sea-water componenty or
changes i the sea water ssell, Cavnsed by anence g
transler fram the subimannee o the ;eean medunn
The mapw energy transler w uwally hadio.
dynamic. Vha effect manifests siself m the e
lent wake and mass effeas aelated o denan
wrachients Schontev® has demonarated e
T A N e den sl B Mem an, Bags sets mah S 1 Froge et
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comadel the Stewart-Hichman collapsng

wheno g denany gradient s present, and

ai spreadimg without the gradient. Both

ccevresultan g redistnbution of sea components,

O cotnnn cases, the effedt of the generated wake

teaches the sutbace, where it can be detected by

rceanogiaphic imstruments,

The tollowing equation  shows the relation

between surface tension, temperature, chlorinity,
amid @ general term labeled “impurities.™*

Sutface Tension = 75,64 — 01441+ 0.0399 Cl —K
where

is temperature in degrees Centigrade
Clis chlorinity

K represents impurities.

Sutlace tension is a prime (ator @0 submarine.
mduced surface effects, and intensive research
has heen conducted on surface hims related to
capillary-wave damping and evapuration rates.
[t s kitown that very small changes in surfaxe
teniuon can greatly modify the surface 2 seen
o intrared or highoresolution-radar sensor,
hut laile attentbon has heen devated to the “im-
puntis” factor.t Since the particulate material
w the wa can he measured with relatively simple
and tughly seasibve turbidimetne  ingtrumenis,
NRL vesearch has been concenteated in this area.
NRL objectives ave to obtain basic information
on how the submarine nwudifies the distributiomn
of particubate maner and to yse this information
tor sleaighy wake-derection and subanarinesclasubfia.
tuan systenn.$
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oot s assunced that the acean s modibied b
the submanine and that thiy wodihcanon s re-
tained for o peniod of tme, the ASW uselulness
ot different systems can be evaluated. This of
course assiumes that knowledge of system none,
acean none, agnal Ktn'ngth, and twpe ot sensing
pladoim is avalable. The “nowse” of an ocean-
ographic indrument is the time variation of s
output for a hixed input, and the ‘ssstem nose”
is the time vanation of its output as the actual
oceanographic parameter is being measured in
the ocean. This of course implies spatial and time
factors which may be considered similar to sample
size and bandwuith in a conventional elecrical
systein,

TRAIL DETECTION

In order to illustrate some of the factors o
oaccanagraphic ASW systems, one svstern hased
on the measurement of turhidity by contimuous
flow analysis of water rexeived (rom a pakup
unit mounted on a ship platform s comparesd
0 a passive acoustie system in Fig. b Simibarities
anst differetwes are worthy «of astenten, The
aconistic system records where the submarine n
and the oceanographic system determines where
the submarine has been. The aconstic swatem has
ts sensr removed from the subimarine, winke
the mber system's sensor must be divectds in the
wrail a1 a poimt where the “memny™ of the ocean
is will wiffhwent o give 2 usable signalsto-mise
ratio. The signal processing in ath systenss o
similar, and the system output i sent o an
operatorinterpreter  or  auteanaric  anabrer,
Search rates may alo be compared. n one
dtuation a poimt i interpreted with a search
are, and in the ather a trail is intercepred with
a search line (hig. 2. The usual pa target
w in the sevond caw cxtended 10 2 line whuh
w2 function of the trail persistewe. Surbae
wan have been knnwn o st many hours, bt
litke v known hout persutenve of furbuduy
changes. .

A powble application of an occanegraphn
trument detectiton syitém is the edablinbonwem
of 4 barreer hne a1 3 submanie ejires sune
(Frir 9 1 amwohont teal iemory tcassuimed ben
a gvent sygnal-tietenne ratny and fabwe-alarm cate,
a unle search vehule woubd be requited o coner
hne AB i Fig 3 every two husary, This conerage
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Fig. | ~ A cvapansua of o pastive auustic sysem and a trak-detectinn svatem

PASSIVE SOMAR SEARGH
"

"‘f"f‘rr-n—é

SEAMCH
PLATFOMS

Pk & - A companewn of the dinamus of passve
wirat wearth and trad deteiuna

requires ai average search speed of 50 kous for a
ungle platform, and fraciom thereof for multiple
vehede warch,

ENVIRONMENTAL EFFECTS

Bugine 3 distrates, o generdl terme, the
copleniy of the seean envoonment ad the
mubiirude of changes which coukd occur by the
mrusen of asubmanne. The pnnapal problem

sm

WONO OF SEIRCH VERCLES
O v LENATH OF SARRUS

& ¢ MARCH SMEED

t o TRACE PERGTENCE TRl

ﬂ-*g-

Fig. 3 ~ Application of trail detectaon o 3
barner seuch paiern

one cncounters when studying the oean for
changes is to determinie how to make measure.
ments  withaout  disturhing  the  cnvironment
Dunng the pau sweveral years techimjues have
been developed whuh mummiee or chimae
wich disturbancer. Some of thewe use
controlled, air-dropped, and tmesdelas campless,
and wabirait and  V-hodowed prkap
devieer and meamarmy  msigunmens (ceann
graphu  data have heen ohrained duning hekd

raddin.
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MEASURED PARAMETER

operanons with submarines in the Block Island,
Key West, and Bermuda operating aveas, and
kwally in the Che ake Bay usng a small
wihmarme, the S8X ' Turbidimetne, colorimetrx,
and hametr data were obtained in ambvem
and wake waters by analyms ol water samples
and by i utu measurements. Figure 5 summanzes
wvne nf the walient data. The confidc, e levels
thown give the probability that the wamples are
om difrrent water populations (ambient and
wade' and should not be confused with detection
prodatadiy  The later may be calculated from
ungle umple  prohatwhunes, ampke ure, and
talwe-alarm cntenid in a manner used for acousix
W stefne

Figure 6 shows an intsresting correlation be-
tween weather data and et results obsenved
during NRE. tests in the Key Went aperaung area
(Apnl 1964). The best results wem o mmour
when the sea wirfare v winid divtuihed Siondar
results have been sepuned by athery wung the
infrared (Clinker) senser. The overall obpretines
of this teg senes are shawn 1o the following hu

OBJECTIVES OF
KEY WEST FIELD TESTS

To studs iceanenvironment changes o nea
wirfare watere caused By transt ol 4 sihmerged
whmarine uany

CONBIDENTL N
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the amabernt anvd wake turbedity.

¢ Contimmus-flow low-runge HACH turhidimeter

® Collcted samples in amthiem and  disturbed
water, measwred i labovatory

o Membrane blicrs made from comtinuous flow
w ainbemt and wake water

o High-anteasty patsedd fyght tarledimetee

o Meaured changes i deprh probiles

® Meawred aioustu cfieos

SEA-WATER SAMPLING

The NRE analvsn of disinbuted  wa-water
compenents has alu: been exiended o particutate
varbhvddrate, and to soluble and  pariculate
wor, Wiwin® hay olwened subinanseanduced
changes By anaives of wirtsce wumples taken
from ambuent water and water from he wal
of & suhmerged submacme. The high sensutivay
of presem snalviecal methusds mabes o mandatory
that 1he wumpling metbods o instruments do n
mduce  contaimnants. Nansen buitles  are no
buser adeqquate for AW ancanmggrapbs. Al
it and iment matesal samiplery are recpuiredd.
P work wih radio wamplers e whuh the
onby metal pornt war a unatl vamless aeel tow
valve stuwmed g gh comanunation of lerrk

St Adeen Sume ENramgrephe (B iiewe tn She \einnas
Netoa et Nubeegsa NRE Mraed Regpd 1887 o8 Luduang
LRTSINVC WA B RPN P7 SR V)

LI
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hvdroxide, which has pigment color  umilar
o some matural pigiments.

During the recent cruise of the PILISBURY,
the Miami Insitiste of Moarine Stencey’ newes
rescarch veasel f new noncontaminating samplers
were used: the iccarsyiraphic community Binally
reatizes the impartance of introduced contamna.
ton, It s als intevesting to note that the PHLIAS.
BURY rewearch indduded measurememts an tlie
distribution of organk and trace componenis,

An mstrument which meusures & sogle iceann
graphic parameter mav be wuuflicient to wisure
& high detecuon prodsatulits. NRIL water samphing
has been prmanly confined o the surface ad
near surface, because of V.Gn tiaaing himganons
and a greater interest i surface effeds. Huwever,
unproved techinijues and 4 new contepr uung
Laser prohiling may permit higheravabdewcimnn
specits down o submanne degah,

More siphimcated sysiennn will prohably e
yuire multiple sensury which tan measre amul
tancoudy  turbidity,  pgments,  cdor, wirfae
tensnn, et ased determume detesuinin probabishing
by computer chigaes It afun ohuous b
wmre meanographn dats are needed brom areas
of urategu interest. One attermpr towant this
obpriive s heing wade at this ine duong the

1 b Nubre Viawgr Nea beaugns Wl a2 )
Ty
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BERTON ISCASD Wath the co-
~ocrnon ot the USO NGy Oceanographic Othee *
bemg  obtaned in the
the Chukchi and Fast

)
EETRNTITIN }..nhir\ e

Bonmy Strasts, ana i
She tian heaas

NRE has made some measurements on the
redistithuton of marine bacteria caused by a
transting submarme. The Russian mvestigators
Riiss, Tebedesa, and Mitzkesicht have utilized
bacteti as indicators of hvdrological phenomena
while studving the Indian Ocvean waters between
Atfricaand the Antarctic and between the Antarctic
and Asia (Fig. 7). NRi bas made measurements
using bic teria as indicators of the water redistribu-
von by 4 submarmne in the Bermuda area and
iocally in Chesapeahe Bav, where distinet changes
in vertical  distribution  were  observed.  The
techmque used was similar to that of the Russians.
The water samples were filtered through mem-
brane filters upon which the bacteria were cultured
and wounted. This method is, of course, not
praciical  operationally, but  new techniques
using  particle-size-distribution  analyzers  and
partecle selection mav eventually make such a
scheme usetul. The explanation for the stratitica-
tion of hacteria has heen presented by Sisler and
Senttle.t They theotize that bacteria, when maving
i an ocean current, are carried down te a given
depth by electromotive toices, as charge carries
in 2 magnetie held. :

Another dlass of indicater. has s origin in the
submarine. The submarine, which is dissolving
at ‘a minute tate, leaves certain metallic ions in
iy trail. Attempts have been made o detect zing
and copper 1ons by Hudson Laboratories.§ Using
semsitive Hame-absorption spectroscapy, they have
successtully detected these ions in the trails ol
suttace ships and surtaced submarines,

In the HACH turbidimeter system (big. ),
the watet preked up by the Voin s delnered o

Tl et prvidibes Lt the BUREON ISEANE Crinwe hve
bewn terenved by NRE and gt m being anaby zedd
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the measunng Ciianber, where a pain of photoget's
contmunally senses the saattesed light, [he elec-
awad sgnalb v amplibed and displaved on an
Fuerthne Angus tecorder. One mode of operation
n o dinect readout: ancther mode uthizes ¢ Bodgs
atcut and presents the ouiput above a given
thieshold level, The latter ssstem s for weak-
agnal detection. A sample chart record is shown
n Fryz 9 his record was obtanied duving Chesas
peeabe Bav tess with the SSX-1. The water was
exceptionally dlear during these tests, with a
turbidits ot about 1.5 ppin relative to silicon
dionide. Profile sampling showed a uniform dis-
tnbuiion down to submarine depth, as measured
by a Helge turlidimeter. A very small change
wn turbidity of about 0.05 ppm was caused by
the passage of the submarine directly under the
measuting platform. At other times in the Bay,
wirbidities ot 15 ppm hive been observed. and
thanges of several parts per million have oc.
curred in the wake.

SIGNAL-PROCESSING
TECHNIQUES AVAILABLE

Chart data, which have been veduced to punch-
o tape lor computer pricessing, will penic
the signal processing necesary for the low
agnal-t-noie ratios often likely. As in aoustic

processung, sensitivity of the sensor is not the

problem; svstem and sinbient noise are the tactors
that linut detectiun capability, With the computer
tapis, the time and spae noise lactns can be
determuned, as well as norse plus sagnal stanistics;
then by kpowing the sestem handwidth and sample
atee ddetectmn and Lalsesalarm probatulity can be
computed,

Some wsetul comparions can be made between
the patametets of a flow system amd conventional
sgtal-procesam paramictens, fn By 10, 4 come
parnen i made between eleareal tme consan
and tank-<cloarame nme comtant. In - addinon
o satem deliy of two mmates (hme (or water
tocreach the tank froo e Vofing for the HACH,
there onoa deatance tine of 15 munates for o
Fe value. bygumre T clates the ume in wake o
ship spred and ek feogthe Pogether, these
patameters detecmne the ssstens tesalution or
cangtubiny of detectnng a wake of iven dimensions,
o peneals o fast-monng plattorm requines

CONFIDENTIAL
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4 ta dearance ume, It wndivndual pandes o
considered as information bits, samphngg-the o
ariteria must also be satished.
would o ur in a system deugned o detect
charactenistic particle such as a copper won.

The impartance of sample swze 13 shown in
Fig. 12. These daty, obtained with an carly mexded
turbidimecer, iliusirate the improvement gamed
by increased wake-samphnyg tin.e

An id=al classifier takes advantage of the
unique and exclusive properties af the submarie.
such as the ability o cause a maghetc anomaly,
the emission of man-made noise, and charactenistic
size and shape. The latter tharactenstic is probubls
the simplest to utilize, but generally it requires
the use of a short-range high-resolution sensor.
It appears that trail drtection mav require o
localization  capability  (sh as the LORELIL
technique), if classification is conwdesed. The
analvsis of the trail up to the point ot argan may
well indicate features exclusive to the pressure
of a submarine, when the energy transter related
to the submarine 13 consdered. In addition o
the hvdrodynamic effects, NRE. has explored
the modifications to sea-water swstems by low
level acoustic energy appronsmating the level
directly above @ slow-speed, shallow submarine *t
Laboratory research using small tanks has shown
changes in surface temion, degasung ol low.
wiubility gases, and the wiution ol 4 wiuble
gas., COp At the interface, sovind encrgy staluhzes
the thermal structure by molecnlar imsiny. Fhere
is also some evidence of partule agplomeraen
and  aggregate formation  resulung trom the
irradaton of membrane-hitered sea water,

his cemdinion

CONCLUSIONS

A 1 2<channed particlesiee dottbunion andvrer
has receniy boen procuretd tor tie NRU veseareh
program. With thiy the redinbution ol parie.
wlate material taaved v o anvting submaring
cn he guantified, and  thereby an improved
wirlndimetre svuem can be deagned
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A

by rebared o ASW will require

e ol more sophsucated instruments* and
vemasdd the sccumulation of data in strategic
dicas concerning honzontal and vertial distribu-
aons ot the sea components. The integration
ol v eanographic instruments must h&*,imt‘grated
o a trad-detection svstem and the performance
ot these swwtems must be evaluated using sub-
manne tatgets in areas of interest. | he resuits
must be correlated with meteorological and hydro-

*The use of 4 wophiew ated mstrument a b as the Coukller Counter
part lesire-chistobution anabvzer has suggedted 3 more hase approach
1o reverheratmon theoty U ung the jurtucie data weh Raviesgh « attering
theuty  teierheratreimdes computiunn mus revedl heretofore un-
suspertert bt 10 vidume teserhetatons Research s continuing 10
ubenity the puriwbes aivd thent relateons to the overall acean complex
1 alws wuggested that acoisie wstemms mas be ueetul to sense environ-
mental chamges tn placing emphasis o0 reverberston analvss,

HitIER CONFIDEN TN

logical data in order o establnh pedhonons o
to waen such svstems can be used toan advanmage
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